This study aimed to revise Cynanchum acutum in Egypt and their relative subspecies that belonging to Section Cynanchum (Old World) and comparing it with an American group of genera Cynanchum laeve subgen. (Sect.) Mellichampia (New World) by using classical taxonomy and Modern geometric morphometric methods (GMMs). The description of 85 specimens depending on 36 quantitative traits was measured for all leaves by ImageJ Tool software. Data of leaf description was further processed using R program. The fan neighbor-joining topology revealed to the relationship between studied taxa and population, however, a PCA biplot showed a total variation 37.7% at first axis and 8.9% at the second axis. Significant variation in taxa and populations estimated using ANOVA and MANOVA. Canonical variate analysis showed a significant difference between taxa (P=0.001***), with a total variation of 67% between three taxa. The total variation checked between two taxa by using discriminant analysis, C. acutum subsp. acutum and C. acutum subsp. sibiricum calculated 77% variation, while as the total variation between then between C. acutum subsp. acutum and C. laeve showed 86% of the variation and significant value (P=0.002**). The study elucidated the situation of Cynanchum acutum in Egypt and confirmed the presence of two subspecies viz.: subsp. acutum and subsp. sibiricum.
Introduction:
The Cynanchum L. genus formerly situated as part of Asclepiadaceae however according to the several phylogenetic studies, Asclepiadaceae treated as a subfamily of Apocynaceae to be Asclepiadoideae (Goyder et al. 2007; Rapini et al. 2007; Endress 2016; Nam & Chung 2018) . Cynanchum has been worldwide distributed with more than 400 species over the Old and the New World and about 110 species extent in Africa, Madagascar considers the main center of diversity in Africa with nearly 90 species, in contrast, the minor centers are southern Africa and eastern Africa with 10 -15 species each (Liede 1997; Liede 1999; Liede & Kunze 2002; Alvarez Cruz & Schmelzer 2012; Khanum et al. 2016) .
The last treatment of Cynanchum in Egypt was done by Boulos (2000) who recognized only one species of Cynanchum at Egypt "Cynanchum acutum", with one subspecies "subsp. acutum", in agreement with Täckholm (1974) and Greuter et al. MedChecklist 1 1984 . On the other hand, Boulos, in Flora Checklist (1995) revealed the presence of two subspecies in Egypt "subsp. sibiricum" and "subsp. acutum", the main difference between two subspecies is the leaf shapes, lengths, and base lobe. Gilbert et al. (1995) were stated to C. acutum subsp. acutum is most common in the Mediterranean region where there is an overlapping area with C. acutum subsp. sibiricum.
The leaf morphology is the main discriminative power in plant taxonomy and systematics (Bell and Bryan 2008; Cope et al. 2012) . Leaf morphometric is commonly used in several fields, such as morphology, systematic taxonomy, developmental biology, plant breeding, and agronomy (Vieira et al. 2014) . Modern geometric morphometric methods (GMMs) contribute to increasing scientific description accuracy for the important traits of the phenotypic measurement at biodiversity and proper for differentiating complex taxa. In contrast to classical taxonomy requires handling and admission to specimens (Viscosi and Cardini 2011; Klein and Svoboda 2017; Liu et al. 2018) .
Therefore, it is appropriate to apply the morphology of leaf to examine the presence of subspecies "Cynanchum acutum" at Egypt by using modern geometric morphometric methods with assessment of taxonomic treatment and leaf architecture. In additional to, analyzing the results by focusing on Cynanchum acutum populations, to decide suitable distinctive traits to distinguish between Cynanchum acutum subspecies by comparison both with Cynanchum laeve as outgroup.
Material and Methods

Study site and plant material
Field survey of the Cynanchum acutum location in Fayoum depression (FD) took place during summer 2017 (Fig. 1 
, Suppl.1). Fayoum depression (FD) is situated at 90
Kilometers to the southwest of Cairo, the coordinates: 28° 55′ -29° 35′ N, 30° 23′ -31° 05′ E (Effat, & El-Zeiny, 2017) . Detailed investigation of samples and the population gathered from studying Herbarium sheet kept at Cairo University herbarium (CAI) , collected samples from FD and Images from Florida Herbarium site for Cynanchum laeve. Description of 85 specimens (Suppl.2) with a total 105 observation from one to three leaves to each branch were measured. The quantitative measurement totally 36 summarized in table (1), leaf descriptors were carefully chosen concerning conclusions of studies by other authors (e.g. Zahidi et al. 2013; Baláš et al. 2016; Aykut et al. 2017; Lo Bianco and Mirabella 2018) . Digital images were used to measure the different measured traits using ImageJ Tool program (Rasband 1997 (Rasband -2018 .
Data analysis
Data from leaf descriptors were further processed in program R (R Development Core Team, 2016).
Testing variation in taxa and populations, using multivariate methods (Cluster analyses and ordination analyses):
For agglomerative clustering the standardization must be done to make variable comparable. Removing the lines with missing data and standardize the data without missing values. Firstly, to standardize the data, it should be converted to a numeric matrix as an input to complete the scaling on the column. Secondly, the Gower-dissimilarity is used, the data scaled and computed a Manhattan distance (Viscosi and Cardini 2011; Kassambara 2017) . Selecting neighbor-joining (NJ) tree by calculating the cophenetic correlation which is better than that at Unweighted Pair Group Method with Arithmetic Mean (UPGMA).
The "factoextra" and "ggplot2" packages in R were used for visualizing the distance matrices that used at the Principal Component Analysis. PCA was used to know the total variation of leaf traits and identified the most important trends in leaf shape (Vieira et al. 2014) . PCA decreases the dimensionality of multivariate data, to two or three that can be visualized graphically with minimal loss of information. fviz_pca provides ggplot2-based stylish visualization of PCA (Kassambara 2017). 2.2.2. Testing variation in taxa and populations, using a modified Procrustes ANOVA Differences in leaf descriptors can chart in several planes. A hierarchical analysis of variance (ANOVA) generated to measure and test the variation in taxa and geographical populations using (aov) function, and the measuring the size (t-value) was calculated by summary (lm) function, as well as testing the significant of variables by manova function of package "dplyr" for multivariate analysis of variance (MANOVA).
Testing taxa differences using permutation tests and discriminant analyses
By utilizing a series of R functions of morphometric analysis (MorphoTools) were performed descriptive statistics for populations and taxon, Box-and-whisker plots representing all leaf descriptors to display the variation range between three investigated Geometric morphometrics of leaves of Cynanchum acutum L. taxa, Canonical Variate Analysis (CVA) intended for discriminant test to three taxa and Discriminant Analysis (DA) for comparison of the two subspecies (Koutecký 2015). (Davis, 1978; Rechinger, 1970; Forster, 1991; Li et al., 1995; Liede, 1999) .
Results
Systematic treatment
Speciose Cynanchum genus worldwide distribution; over than 400 species, here, the study focusses in literature and synonyms for Egyptian species Cynanchum acutum (Old World) belong to Sect. Cynanchum and linkage it with more resembling Cynanchum laeve (New World) subgen. Mellichampia by cordate (heart-shaped) leaves as out group taxa (Liede & Täuber 2002; Liede & Meve, 2003; Khanum et al. 2016) .
Based on revision of the Herbarium sheet kept at (CAI) and study the description of C. acutum subspecies in different flora like Flora of Egypt, Flora of Iranica, Flora of Stems terete, up to 3 m, herbaceous, slender, vine, branched, lower parts glabrous, sometimes hairy above. Petiolate leaves, glabrous, cordate, ovate, very variable in shape and size, 2-10 (-17) x l.5-8 (-16) cm apex subacute to acute, variable in base auriculate, deeply cordate to sagittate. Inflorescences Cymos, few-to many-flowered, peduncles 5-10 cm, pubescent. Calyx (1.5-2) mm long, triangular lobes. Corolla white or pink, 6-9 mm diameters, lobes oblong and obtuse. Follicles 6-16 x 1 cm, narrow, glabrous or papery when young, acuminate.
Artificial Key to subsp. of Cynanchum acutum based on morphological characters 1. The leaves one to double as long as broad, broadly ovate-cordate or narrow linear; basal lobes scarcely divergent, convex sides (broadly auriculate). Follicles 6-15cm ……………. subsp. acutum 2. The leaves one to triple as long as broad, broadly cordate to hastate-cordate, or oblong-hastate; basal lobes distinctly divergent concave sides (auriculate). Follicles 12.5-16cm ….. subsp. Sibiricum 1. Cynanchum acutum subsp. acutum.
The leaves one to double as long as broad, up to 9 x 7 cm; broadly ovate-cordate or narrow linear; basal lobes scarcely divergent, convex sides (broadly auriculate). Corona linguiform; appendages longer than lanceolate. Follicles 6 -15 cm. The difference is subsp. acutum has base broadly auriculate 
.1. Testing variation in taxa and populations, using multivariate methods (Cluster analyses and ordination analyses)
After estimating how accurately the dendrograms represent the original Gower distance matrix, the cophenetic distances calculated from the NJ dendrogram (r=0.83) while UPGMA representing (r=0.80). Consequently, the NJ topology is applied to the present study (Saitou & Nei, 1987; Pankhurst 1991; Raff, 1966) .
The NJ topology (Fig. 4 ) for multivariate analysis of 59 observation of 36 variables after removing lines with missing data. The relationship between studied taxa clarified at fan NJ, meanwhile, the most comparable leaf shapes and characters are on sister clades, and the most divergent cluster is insulated next to the root (Viscosi and Cardini 2011) . However, the identified taxa of C. acutum subsp. sibiricum collected together at one node in the first cluster with some taxa from C. acutum subsp. acutum confirmed the more closely related between two subspecies. On the other hand, the second cluster gathered taxa from C. acutum subsp. acutum and C. laeve to show the relation and the similarity between two species.
PCA biplot (Fig. 5) showed a total variation 37.7% at first PC1 axis and 8.9% at second PC2, both designated the highest and moderate linkage and relationships between Table 3 and showed significant (P < 0.05) differences in leaf traits between three taxa (C. acutum subsp. acutum, C. acutum subsp. sibiricum and C. laeve). This result is also obviously seen in the Box-plot and CVA.
Testing taxa differences using permutation tests and discriminant analyses
The box-plot collecting all leaf traits (Fig. 6.9 ) shows that C. laeve tends to be slightly larger than C. acutum subsp. acutum and C. acutum subsp. sibiricum, but there is a lot of overlap between the populations. While the box plots for some leaf traits like Total leaf length, petiole length, width length, maximum width length, leaf surface and leaf area ( Fig.6 .2-6.8) showed large variation at interquartile range and median that confirm the separation of three taxa under studied.
Canonical variate analysis showed a significant difference between taxa (P=0.001***), where the first discriminating axis of canonical variate analysis (CVA) separated C. laeve from two C. acutum subspecies expect few specimens from C. acutum subsp. acutum to indicate the relation between the two taxa with a total variation 83%. The second discriminating the axis isolated C. acutum subsp. sibiricum specimens at the top of biplot from relative C. acutum subsp. acutum to total variation of 67% (Fig.  7) . By using Discriminant analysis, check the total variation between C. acutum subsp. acutum and C. acutum subsp. sibiricum (77%) then between C. acutum subsp. acutum and C. laeve to show 86% of the variation and significant value (P=0.002**) (Fig. 8) .
Discussion
Cynanchum acutum is distributed in worldwide. It occurs in wet soils and nearby to freshwater, roadsides, wastelands, and gardens. It ranked as Least Concern (Akhani 2014).
The present study agrees with Rechinger, (1970) who stated that "The difference between two subspecies C. acutum is easy about extreme traits, but mainly problematic because the exploiting characteristics are not fixedly correlated with characteristics of leaf". Accordingly, the study going to use the modern method like Computerized geometric Morphometric analysis to a good distinction between them by selecting more viable characters to help the differentiation between taxa, depending mainly on quantitative measurement, test and visualize a digital image to identify the differences in form in extremely actual perfect and, statically powerful way (Viscosi and Cardini 2011; Cope et al. 2012; Mayer et al. 2014; López De Heredia et al. 2017 ; Klein & Svoboda 2017) .
This close relationship between examined taxa appear at NJ topology and PCA biplot, Owing to the variables at the shape and size of leaves between individuals and different populations. However, the first cluster has individuals of C. acutum subsp. acutum and C. acutum subsp. sibiricum , which separated out to two sister groups, the first one collects all identified C. acutum subsp. sibiricum with the closeness of it from C. acutum subsp. acutum, that showed the slightly distinction between two subspecies with and approve that the main difference is the shape and base lobe of leaf show it in, display the leaf shape of hastate-cordate, the base of lobes to be auriculate or hastate, and the basal lobes distinctly divergent are the obvious characters for C. acutum subsp. sibiricum (Davis 1978; Rechinger 1970; Gilbert et al. 1995; Li et al. 1995; Boulos 2000) .
The second sister group at cluster I has typically C. acutum subsp. acutum, which have a cordate leaf with cordate or broadly auriculate leaf base and the basal lobes scarcely divergent (Davis 1978; Boulos 2000) . Whereas the second cluster II assembly two different species (C. acutum subsp. acutum and C. laeve) which contain typically cordate and broadly cordate leaves, maximum width Fig.6 . The box-plot of three examined taxa, depending on all leaf traits and selecting some of them showed that C. laeve tend to be slightly larger than C. acutum subsp. acutum and C. acutum subsp. sibiricum, with overlaps between the populations. 
Geometric morphometrics of leaves of Cynanchum acutum L.
length ranged between (3-8 cm) and maximum petiole length ranged between (2.3-6 cm).
The main reason for chosen of C. laeve to be outgroup in the current study that is more resemblance species to C. acutum and also belong to different section according to Liede & Kunze (2002) . The results displayed a relative relationship between the old world Cynanchum presented by C. acutum subsp. acutum and New World Cynanchum (Cynanchum laeve), was confirmed before by Liede & Tauber (2002) who used cpDNA spacers to analyze a lot of memberships of sections of Cynanchum and found that C. laeve subgen. Mellichampia is correctly placed under Cynanchum and formed a sister clade to each other. And they also suggested using the vegetative character were being good sign than floral characters as doing in this study.
While the multivariate analysis demonstrations the relationship and confusion between taxa the Box-plot, canonical variate analysis CVA and discriminant analyses (DA) confirmed separation of each three taxa with a few overlaps. The discriminant analyses revealed to the percent of medium width is the main trait that can distinguish the two subspecies with 39 % variation depending on Mw%.
That for the aim of this study about the presence of two subspecies at Egypt according to the Herbarium sheet kept at (CAI) has been confirmed by different methods either via classical taxonomy or by modern taxonomy (GMM). The current study agreed and recommended the using of Modern Geometric Morphometric Analysis, however, is very potential for applying, a relatively highly effective, accurate and viable tool to characterization and classification between closely related taxa (Viscosi and Cardini 2011; Vieira et al. (2014) .; Lo Bianco and Mirabella 2018). In line with the finding of Viscosi and Cardini 2011 stated that "Taxonomists must be definitely keen on taking improvement for new quantitative methods for the description of taxa including semi-automated computerized tools".
Conclusion
The study aimed to revise Cynanchum acutum in Egypt and their relative subspecies by using classical taxonomy and modern geometric morphometric analysis. After extensive studies at the samples of the Herbarium sheet kept at (CAI) and study the description of C. acutum subspecies in different flora, the present study confirms of existence C. acutum subsp. sibiricum in Egypt. The morphometric analysis going to the same trend with classical taxonomy where NJ and PCA exhibited the relationship between taxa understudy to reveal the relation between two (C. acutum subsp. acutum and C. acutum subsp. sibiricum) and (C. acutum subsp. acutum and Cynanchum laeve). Finally, Boxplot, CVA and DA confirmed the separation of the taxa. This study clarifies the situation of Cynanchum acutum in Egypt and the concluded and confirmed the presence of two subspecies viz.: subsp. acutum and subsp. sibiricum, and recommended using the geometric modern analysis as a practical method of classification. Giza, 6.10.1954; Soliman Sisi, 6011(CAI) . Ca19 GZ Nv Giza, Orman Gardens, Giza, 6.10.1954; Soliman Sisi, 6013(CAI) . Ca20 BO O Baharia Oasis, Baharia Oasis, Zabou, 11.9.1971; M. Imam, 5987(CAI) .
